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P.ARr Io CUSTOllllER RESPONSE TO DIFFERENT PRICING 
COMBINATIONS FOR UoSo CHOICE .AND 
U o So GOOD T =BONE STEAKS 
INTRODUCTION 
The federal grades for carcass beef are deter.mined by the confor-
mation, finish 9 age and quality of the carcasso Beef quality is deter= 
mined by those attributes which are thought to influence the eating 
characteristics of the meat o In addition to maturity (age) 9 one of the 
principal indications of quality is the intramuscular fat in the lon-
gissimus dorsi known as "marbling" o The longissimus dorsi muscle must 
have moderate to slightly abundant marbling in order to meet the speci= 
fications of the Prime and Choice grades. This amount of marbling is 
often accompanied by an abundance of intermuscular and external fato 
Several studies conducted in the western part of the United States have 
indicated that many consumers discriminate against excessive amounts of 
external and 'intermuscular fat. 
It appears that the meat industry and in turn the consWll.ers prefer 
the higher to the lower grades of beef 9 since beef producers are paid 
more per pound for higher=grading cattleo If this is true 9 consumers 
should be willing to pay a higher price for the grade which they prefero 
The question then arises~ can consumers recognize differences between 
the cuts from different grades of beef? 
This study was undertaken to deter.mine whether consumers could 
detect visual differences between steaks of different grades 9 and to 
ascertain how much more they would be willing to pay for the grade of 
their choiceo The answers to these and similar questions will be of 
value to the retailer in helping to bring about a better understanding 
1 
2 
of the customers' likes and dislikes, and would enable the retailer to 
have the maximum advantage in pricingo If the consumers do have a pref= 
erence for one grade over another and are willing to pay more for that 
grade 9 this fact should be reflected back to the producer in the form 
of increased demand for the preferred grade of cattleo 
REVIEW OF LITERATURE 
Several studies have been undertaken to determine what factors con-
sumers consider when they make their visual selection of beef o For the 
most part, these studies have been conducted in the western part of the 
United Stateso In most of these studies~ price was held constant so 
that it would not affect the decision of the consumerso The methods em= 
ployed by the various investigators to determine the physical character= 
istics desired in beef, and a consideration of the characteristics them-
selves are discussed in the following paragraphso 
a o Methods 
Riley and Kramer (1955) used a .mail survey to determine consumer 
reaction to prepackaged and frozen meat o A questionnaire was mailed to 
3,982 families in the Flint=Grand Rapids area of Michigano This ques-
tionnaire was followed by a personal interview of those who did not 
respondo 
The personal home interview was used by Anderso.n (1956) to deter-
mine the effect of income on the type of meat purchasedo The personal 
home interview, supplemented by colored photographs, was used by Stevens 
et ~o (1956) to determine consumer preference for beef in regard to 
such variables as color of lean, color of fat, marbling, etco The same 
method was used by Seltzer (1955)0 
Ashley et aL (1941), Coles (1956), Meyer and Ensminger (1952) 9 
3 
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Farstad et alo (1955)p and Rhodes et alo (1955) conducted personal inter-
views in storesa In most instances the interviews were supplemented by 
actual cuts of meat in which one variable 9 such as marbling 9 color of 
lean or fat 9 or amount of external fat was under considerationa The cuts 
were changed at intervals to insure that all respondants were confronted 
with essentially the same set of characteristicsa 
Lasley et aL (1955) at Missouri used a rather uniq_ue combination 
of methodsa They selected fifty cooperators and arranged for them to 
come to the University of Missouri 11/Ieats Laboratory to purchase cuts of 
beefo The three grades, Choice, Good and Cornmercial 9 were offered at 
Commercial pricesa After the cooperators had made their purchases 9 they 
were interviewed immediately to determine the reasons for their selectiona 
A follow=up interview was conducted in the homes of the cooperators after 
the meat had been conswned to ascertain the degree of sati,sfaction or 
dissatisfaction involved in the eating qualities of the meat, 
Schultz (1956) used three=dimensional pictures as substitutes for 
the cuts of meato He then conducted a test ·to determine whether people 
would select the same cuts of beef' from the pictures as they did when 
conf'ronted with actual cuts of' meat a In 1nost cases the respondants se-
lected the same grades of meat from the pi.ctures as they did when con-
fronted by actual cutso Only a limited number of tests were conducted, 
but the author indicated that the use of three-dimensional pictures is a 
good method for determining consumer preference in visual selection of 
beef o 
Miller et alo (1955) found that home preference evaluations and 
laboratory panel tests were equally effective in ascertaining visual 
preferences for beefo With both methods 9 in instances where there was 
5 
little difference between the two samples tested 9 more people wrote "no 
preference" than when there was a marked difference between sampleso 
Pilgrim and Wood (1955) demonstrated that the method of' rating a 
particular product by use of' a rating scale ("like very much.1' 9 etc.) was 
about equally sensitive to differences as a comparison methodo 
b. Factors Which Influence the Consumers' Selection of Beef 
1. Color of Fat 
Coles (1956) 9 Seltzer. (1955) 9 Stevens et aL (1956) and Lasley et 
al. (1955) foWld that white fat was the outstanding first choice of most 
people 9 slightly yellow or creamy fat was seeond 9 and yellow fat thirdo 
Meyer and Ensminger (1952) concluded that although more people preferred 
white fat 9 meat with yellow fat sold as readily as meat with white fat 
when priced alike. While not specifically stating preferences for fat 
color 9 Rhodes et~· (1955) indicated that color of fat was a factor con-
sidered by many people in their visual selection of beefo This was 
found to be especially true for the higher grades of beef. 
2. Amount of External Fat 
Ashley .!1~· (1941) found that a larger amount of fat was accept-
able in beef than has been indicated in more recent studies. ?his worker 
concluded that higher income groups preferred more fat in beef than lower 
income groups. Lasley et !1,.(1955) found that respondants chose steaks 
of Commercial grade first, with the Prime grade being the last choice of 
most people. Coles (1956) and Meyer and Ensminger (1952) stated that a 
lean Good grade was definitely preferred to a fat Choice grade. Seltzer 
(1955) and Stevens et al. (1956) reported that the Good grade was pre-
ferred to both Commercial and Choice grades 9 with the preference between 
Co.mmarcial and Choice grades divided about equallyo 
3o l\farbling 
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Rhodes !1 ala (1956) found a greater preference for beef with more 
marbling than for beef with very little or no marbling when other factors 
were equalo Seltzer (1955) stated that results of studies in Arizona 
(using colored pictures) indicated a consumer preference tor beef with 
little marblingo Stevens et a~o (1956) obtained somewhat similar results 
in Wyomingo In this study, Good was selected over Choice 9 but Choice was 
selected over Commercial when pictures of the lean area were shown to 
conswners o 
4o Color of Lean 
Meyer and Ensminger (1952) 9 and Lasley ~!!,o (1955) stated that 
the .majority of' people preferred the mediwn red color of lean, compared 
to either a lighter red or dark red coloro Seltzer (1955) found that 
the most desirable color was a bright cherry redo Rb.odes ~~o (1955, 
1956) stated that color of lean was an important consideration with most 
people in making a selection 9 but did not state which color was most 
desiredo 
Studies conducted by Stevens et alo (1956)p Seltzer (l955)p and 
--
Riley and Kramer (1955) indicated that the majority of' consumers pur= 
chased most of their meat in self=service stores 9 although they preferred 
butcher service to self-service o This was because they preferred to shop 
at large supermarkets, and only self-service was available in such 
marketso 
Another type of experiment was used by Godwin (1952)0 The study 
was concerned with conswuer response to different prices for a single 
commodity 9 orangeso A Latin s~uare design was used in which the number 
7 
of stores equalled the number of treatments, the treatments being the 
different prices for oranges. He found that as the price continued to 
increase above the prevailing price for oranges 9 the volume sold de-
creased. Conversely 9 when the price dropped below the prevailing price, 
the volW!i.e sold increased ~acordingly. 
EXPERIMENTAL OBJECTIVES 
The objectives of this study were as follows~ 
Io To determine whether there was a preference for UoSo Choice 
over UoS, Good t=bone steaks when both grades were priced 
the same~ at different price levels, 
II. To study the relationship between varying prices for UoSo Choice 
and UoSo Goad grade t=bane steaks from mature beef~ and the 
volume of each grade sold o 
III. To study the effect of average price on the total volwne of the 
two grades soldo 
IVo To determine whether the design used measured Objectives I 
and IIo 
8 
EXI-'ERIMENTAL PROCEDURE 
ao Source of Data. 
This study, utilizing nine stores v was conducted in cooperation 
with a large chain of stores in Tulsa 9 Oklahomao Since it was not ~rac= 
tical from an economic standpoint to work with the entire beef carcasses 9 
only t=bone steaks were utilizedo This cut was chosen because it is one 
of the more popular higher=priced cuts. of beefo It was asswned that con= 
swners would be more discerning in their selection for t=bone steaks than 
would be the case with a less expensive cuto It was further decided to 
limit the t=bone steaks to mature beef from Good and Choice grades 9 in an 
attempt to control as .many of the physical characteristics as possibleo 
Mature beef refers in this instance to beef from carcasses weighing over 
four-hwidred poundso 
The meat buyer for all stores used in this study was instructed to 
obtain the steaks f'or the study from one source o .All the stores normally 
carried the Cho:tce grade; however 9 nearly all of them had to purchase 
Good grade short loins especially f'o:r the study o The packing house su.p= 
plying the beef for the study agreed to supply beef representing the 
middle or average part of' each grade as determined by a representative of' 
the Federal Grading Serviceo This was to insure a spread of' a full grade 
between Choice and Good steakso As it developed 9 however 9 the steaks used 
were not always representative of their respective grades even though they 
had been previously graded by a federal gradero 
9 
10 
bo General Design of the Study 
The design of this study was similar to the one used by Godwin (1952) 
in a study of consumer response to oranges priced at different levelso 
The design was a 9x9 Latin square, conducted on nine separate days, in 
nine stores, with nine pricing combinations or treatmentso The largest 
volume of trade in these chain stores occurs during the latter part of 
the weeko For this reason, the days selected for study were Thursday, 
Friday and Saturday; these days were used for three consecutive weeks 
beginning 'rhursday, February 7, 1957 o 
The treatments were the prices for the two grades of steaks~ as 
shown in Table lo 
TABLE I 
Treatments Represented by Di.f'ferent Prices per Pound 
of Choice and Good Grade T=Bone Steaks 
Treatment 
---------------
0 95 
L35 
Ll5 
9 ~-0 0 
lo15 
( 
··--·---... -..... ---~--~-··---................ ~--~~ · ~~~ 
$lol5 
095 
lo15 
lol5 
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Three of the treatments (t1~ t2 and t3) involved identical prices at 
different levels for the two grades of steakso This was to learn whether 
conswners would show a preference for one grade when the prices were the 
sam.eo It also gave an indication of the total volume of steaks sold at 
different priceso 
Each of the other six treatments had the two grades priced at differ= 
ent levelso In some cases 9 Choice cuts were priced higher than Good, and 
in others the opposite was trueo The Latin s~uare design is shown in 
Table II o Every treatment was represented i.n each store I a.nd once on 
each of the nine dayso 
Day 
Thursday 
Friday 
Saturday 
Thursday 
Saturday 
Thursday 
Friday 
Saturday 
TABLE II 
Treatments Applied on Nine Di.f'ferent Days 
For the Nine Stores Used 
7 
ts 
tg 
tg 
tg 
8 9 
---"----~-
ts 
12 
Co Orientation of and Instructions to Store Personnel 
The store managers and meat department heads were contacted a week 
before the study was to begin and given a copy of the prices for the two 
grades on the diffe!'ent days to be used in their respective storeso The 
two grades of steaks were exhibited on separate trays~ side by sidep in 
the meat countero The position of the two trays in relation to other 
displays in the counter was left to the discreti.on of the managera The 
position of the two trays in relation to each other was determined 
randomlyo An example of the schedule of prices for one store and the 
placing of the trays in the counter for the same store appears in 
Table IIIo 
Date 
Febo 7 
Febo 8 
Febo g 
Febo 14 
]'eb o 15 
Febo 16 
Febo 21 
Febo 22 
Febo 23 
TABLE III 
Price Schedule and Tray Position 
i.n Store l 
1J oSo Choice 
--~--Tray 
U oSo 
PricejLb o Position* J?rice/Lbo 
$1ol5 l 095 
Ll5 2 Ll5 
o?5 l 075 
L35 l lo15 
095 2 L15 
095 2 095 
075 2 095 
095 l 0 '75 
Ll5 l 0 '75 
--·--··· 
*A (1) indicates the left hand position as one would face 
and (2) the right hand positiono 
Good 
rr:ray 
Position* 
2 
l 
2 
2 
1 
l 
l 
2 
2 
the counter 
13 
The meat department managers were instructed to cut all steaks 
approximately three-quarters of an inch in thickness 9 since this thick= 
ness is preferred by most peopleo All external tat was to be triilllll.ed to 
a uniform thicknesso That is 9 the thickness of the external fat on the 
Good steaks was to limit the amount of external tat left on the Choice 
steaks 9 since normally the steaks grading Choice would have more external 
fat than those of the Good gradeo It was intended that the visual selec-
tion between the grades should be made on the basis of .marbling and color 
of lean 9 with external fat being held constanto 
All steaks were packaged in the standard manner used in this chain 
of storeso One or two steaks were placed in a cardboard container and 
then covered with transparent plastico The price per pound and the total 
price of each package were stamped on a labelo No indication of the grade 
was placed on the label or countero "UoSo Choice" stickers, ordinarily 
placed on the packages 9 were not used during this studyo It a customer 
specifically inquired about the grade of the steaks 9 the counterman would 
explain why there were no grade labels present o It was made clear to all 
store managers that any steps necessary should be taken to insure cus= 
tomer satisfactiono 
A supply of forms on which to record the data was left with every 
store each weeko Figure l shows the form usedo Before these forms were 
given to the store personnel 9 as .many of the items as possible were com-
pleted9 to facilitate recording of the datao The items completed were: 
the store number and location; the date on which the form was to be used; 
the daily rotation schedule of the two grades; and the price for each 
grade o 
The daily customer count was necessary in order to adjust for the 
Oklaho.ma. State University 
T-Bone Inventory Record 
Store Noo Location 
-~--- ----~--
Customer Count 
----
· Display Rotation Schedule L--~-- 2o 
-----
Choice __ Cents/Lb. Good Cents/Lbo 
---
Lbs. No. of Lbs. No. of Lbso- Noo of Lbs. 
Steaks Steaks 
~~--~~~--~~--~ 
Steaks 
Figure 1 
Form Used By 
Store Personnel to Record Data 
Noo of 
Steak~ 
14 
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difference in volume of sales between storeso The number of pounds of 
steaks sold was converted to a pel' thousand customer basis without dis-
closing the volume of business to any competitor who might see the 
resultso 
Steak weights were recorded to the nearest ou.nceo These data were 
recorded at the beginning of business on each of the study dayso If it 
became necessary to replenish the supply of steaks of either or both 
grades during the day 9 the weights of these steaks were added to the listo 
At the end of the day any unsold steaks were then deleted from the begin-
ning inventoryo Thus the total pounds of each grade sold on a particular 
day could be determinedo Some of the stores weighed all the steaks of 
each grade in the morning~ and added the total weights of any steaks added 
during the dayo At the close of the day 0 s business the total weight of 
all remaining steaks in each grade was entered and the pounds sold deter-
mined by the differenceo 
do Supervision of' Stores 
All the store meat department IJJ.anagers were contacted a week prior 
to the initiation of the studyo The purpose of the study 9 its methodology 9 
and the manner in which the data were to be recorded were explained to 
themo All of' the managers were again contacted the day before each three= 
day test period 9 to ascertain that each had enough steaks of the two grades 
to meet the anticipated demand 9 and to discuss the prices which were to be 
used in their stores for the next three dayso Forms for recording data 
were also delivered at this time o Every store was con·tacted at least 
once each day during the three=day test period to determine whether the 
steaks were priced correctly and not labeled; the two grades were in 
16 
their proper position in the counter; there was a display of both grades 
of steaks; and the weights, of the steaks had been properly recorded o 
RESULTS AND DISCUSSION 
Io Effect of Day 9 Store and Treatment on the Disappearance of Good and 
Choice T=Bone Steaks 
ao Hesults 
Tables IV and V present the data obtained in terms of pounds of Good 
and Choice t=bone steaks sold per thousand customerso Table VI represents 
the differences in pounds of steaks sold per thousand customers on the 
I 
eighty=one occas1ons 9 in terms of Good steaks minus Choice steaks. A 
minus sign indicates that more Choice was sold on that occasion than Goodo 
Of the eighty=one different instances in which the consumers had an 
opportunity to register their preference for one grade over the other 9 
more Good than Choice was sold on forty-five occasions and Choice exceeded 
Good thirty=six times. In six of the f'orty=five instances in which Good 
> 
was selected in preference to Cho1ce 9 the differences in volume were only 
one half pound or less per thousand customerso 
A factor which may have caused consumers to select more Good than 
Choice steaks was that Good was priced lower than Choice in four treat= 
ments 9 whereas Choice was priced lower than Good in only two treatments. 
There was a difference in total volume selected for the entire study of 
4.01 pounds per thousand customers of Good over Choice steakso 
The total pounds of Good and Choice steaks sold are presented in 
Table VII. An analysis o:f' variance was performed on these data 9 and 
the results appear in Table VIII. An analysis of variance was performed 
on the difference figures in Table VI; the results of this analysis appe~r 
in Table llo 
1'7 
TABLE IV 
Pounds of Choioe T-Bone Steaks S.old .. Per Thousand Customers* 
Store 
Day 1 ·2 ... 3. 4 5 . 6 . . 7 9 Dal. Tot.als 
Thurs. 28.18 2.6.65 12.82 11..61 9.2.2 6.93 3.98 11.08 10.11 121.18 
Fri. 12.20 1.04. 36.70 11.92 29.28 34.61 7.09 5.63 25.20 163.67 
Sat. 9.03 29.73 12.12 . 20.03 25.36 17.33 5.57 o.oo 8.17 127.34 
Thurs •. 12.14. 27.14 41.33 .. 23.62 29.23 6.50 14.37 2.39 19.18 175.90 
Fri. 14.8.3 3.7 .12 16.61 33_.30 11.11 4 .• 28 3.41 0.93 17 .• 35 138.94 
Sat. 16.98 8.15 .. 7.31. . 25 .48 / 29.85 30.89 19.04 0.67 11.09 149.46 
Thurs. 21.66 8.89 9.05 8.80 8.04 6.87 20.00 3 .. 75 33.12 120.18 
Fri. 17.85 10.10 2.95 6.64 7.88 19.89 21.00 L23 15.08 10.3.22 
Sat. 12.24 o.oo 18.49 29.66 15.84 15.86 2.27 5.35 20.90 120.61 
Store Totals 145. ll 149.42 157.38 1.71 .06 165.Bl 143.16 96.73 31.03 160.80 11220.50 
Treatment t t2 t3 
Totals t 
t4 t5 t5 t7 ta tg 
129.50 1$3. 64 209. 73 61.61 124.66 104.57 144.88 222.38 89.53 
•?or treatments. appiied see Tables ! (Page 10) and II (Page 11). ..... 0) 
TABLE V 
Pounds of_ Go_pd Grade T':"Bone Steaks Sold Per Thousand Customers! 
Store 
Day 1 2 3 4 5 6 7 8 9 Day 'I'o~als 
Thu;-s. .18.79 9.27 2.1.3 33.80 12.99 9.48 10.35 11,68 27.96 136,45 
Fri. 15.15 2.1.51 5.6.64. 12.10 5.76. 12.51 15.37 2.81 28.02 169.87 
Sat. 13,09 o.oo 12.14 ... 9.63 16,17 14.31 22.29 5.37 21.59 114.59 
Thurs_. 10.41 26..53 20 .. 49 23 .. 89 15.00 7.86 7.58 2.90 4.96 119.62 
b'ri.. ll.98 12.57 l6.3~. l7...ol5 14 .01 3.81 28.22 8.94 10 .. 53 123.54 
Sat. 13. 94_ 10.14. 34 ... 25 18 .33 .. 6.63 34o3.3 21.04 5.51 16.4~ 160.60 
Thurs .• 13 .• 44_ 26. 3.3. 27 _. l.3 7 ... 50 14.17 1.6 .• 25 o.oo 2 .• 59; 20 ... 15 127.56 
Fri. 21. 75 . 13.84. 16._.65 14.44 16.11 4.. 7 2 34.02 L70 20.74 143.97 
Sat. 16.73 35 .• 02 5. 31_ 28 ... 76 o .. oo 16 .. 62 L,26 .3.34 21...27 128 .• 31 
Store Totals_ . 135.28 155 .• 21 19L07 165 .• 60 100.84 119 .• 89 1.40.13 44.84 .1.71,65 11224.51 
'l'.reatment t1 t2 t3 t4 t5 t5 t7 ta t~ 
Toti:qs 
92.02 1.09. 66 239.21 87.16 132.39 215.32 41.40 134.15 173,20 
•i·or tree..tme.n.ts applied. -see Tab.las __ I .. (Page 10) .. and .. II (Page 11). 
I-' 
~ 
TABLE VI 
Differenoe in Pounds Per Thou.sand Customers. .. _(Good Minus _Cho io e) • 
Store 
Day· 1 2 3 4 5 6 7. . 8 9 Day Totals 
Thurs. - 9.39 -17.38 --10.69 22.19 3.77 2.55 6.37 .60 17.25 15.27 
Fri. 2.95 20.47 19.94 .18 =23.52 =22.10 8.28 - 2.82 2.82 6.20 
Sat.. 4.06. =29. 73. .02 .,,10 .40 "" 9.19 .. = 3.02 16.72 5.37 13.43 -12.74 
Thlll's. = 1. 73 = • 61. .,,20.84 .27 =14.23 1.36 = 6.79 .51 =14.22 =56.28 
Fri. - 2.85 =24.55 = .28 =16.15 2.90 = .47 24.81 8.01 = 6.82 =15.40 
S.at. _ - 3._04 1.99 26.94. = 7 .15 =23.22 3.44 2.00 4.84 5.34 -2_3.27 
Thurs.._ = 8 ... 22 17.44 18.08 = l.30 6 .13 _ 9 .• 38 -20.00 - 1.16 -12.97 7.38 
Fri. 3.90 3.14 13.70 7.80 8.23 =15 .17 13 ... 02 - • 4.7 5.66 40.75 
S.at. 4.49 35.02 =13.18 - .90 -1.5-~4 _ _._76 - 1.01 = 2.01 _ .. 37 7.70 
Star.a T.ot.als = 9.83 5.79 33.69 = 5 .• 46 -64.97 -23.27 43.40 13.81 10.86 4.()2 
Treatment t1 t2 t3 t4 
Tote.ls 
t5 t5 t7 ta tg 
=37.48 =23. 98 29.48 25.56 7.73 110.75 -103.48 =88.23 83.67 
*A.minus. sign_ind.io..ate.s that. more Choioe than Good steaks were sold .on that ocoasion,._ For treatments l\3 
applied see Tab.le.a. L (Pag.e 10) and. IL (Page 11). 0 
TABLE VII 
Total Pounds of Good and Choice T=.l:lone S.teaks. .Sold Per Thousand Cust.omers* 
Store 
Day~--- 1 2 3 4 5 6 7 8 9 Day Totals 
Thu.rs. 46.97 35.92 14.95 . 45 .41 22 .. 21 16.41 1.4.33 22.76 38.67 257063 
Fri. 27.35 22.55 93034. 24.02 35.04 47.12 22.46 8044 53.22 333.54 
Sat. 22.12 29. 73 24.26. 29.66 41.53 3L64 27.86 5.37 29, 76 241. 93 
Thurs. 22. 55 .. 53067 61.82. 47.51 44 .• 23 14.36 2L95 5.29 24.14 295.52 
Fri. 26.81 49.69 32.94 50 ... 45 25.12 8.09 31.63 9.87 27.88 262.48 
Sat, 30,92 18.29 4L56 43.81 36.48 65.22 40.08 6.18 27.52 310.06 
Thurs. 35.10 35.22 36.18 16.30 22.21 23.12 20.00 6. 34 53.27 24 7 •. 74 
Fri. 39.60 24.54 _ 19,60 21.08 23.99 24.61 55.02 2.93 35.82 247.19 
Sat. 28.97 35.02 23.80 58.42 15.84 32.48 3,53 8.69 42.17 248.92 
Store Totals. 280.39 304 .63 _ 348.45 336. 66 266.65 263.05 236.86 75.87 332.45 I 2445. 01 
Treatment t1 t2 t3 t4 t5 t6 t7 ta tg 
Tote.ls 
221.52 243.30 448. 94 148.77 257.05 319.89 186.28 356.53 262.73 
*For treatments applied see Tables I (Page 10) and II (Page 11). ~ 
t-' 
Source 
Total 
Stores 
Days 
Treatment 
Error 
**P ( .01 
~ouroe 
Total 
Day 
Store 
Treatment 
Error 
**P < oOl 
TABLE VIII 
Analysis of Variance of Total Pounds 
of $teak (Good and Choice) Sold 
Per Thousand Customers 
D/F ss 
80 2Qt'724o93 
8 6p069.37 '758.67 
8 969 056 121.20 
8 '7,440.05 930.00 
56 6,245.95 lllo53 
TABLE IX 
Analysis of Variance of Differences in 
Pounds per Thousand Customers 
(Good Minus Choice) 
D/F ss 
80 129638088 
8 637.24 '79.66 
8 916.44 114066 
8 4,59LOO 5'73.88 
56 6,494.20 ll5o9? 
22 
F 
6080** 
l.0'9 
8034** 
F 
069 
099 
4o95** 
23 
bo Discussion 
When the total volume of steaks sold was analyzed, Table VIII 9 both 
treatments and stores were significant at the one per cent levelo The 
treatments were the different price combinations applied to the two grades 
(Choice and Good) oft-bone steakso The average price for the two grades 
apparently affected to some degree the total volume of the two grades 
soldo This, at least in part, helps to account for the significant F 
value obtained for treatmentso 
Stores also had a significant effect on total volwne sold, while the 
days on which the sales were made did not. One of the reasons why the 
stores affected the total volwne of steak sold was the income level of 
the clientele who patronized the particular storeo The patrons of stores 
in a high income area would normally be expected to purchase more of the 
higher price cuts of beef than would conswners in a low income areao 
The analysis of variance of differences, Table IX, indicates that 
differences between the amounts of the grades sold were not significantly 
affected by either the store in which the sale was made or the day on 
which the sale was madeo The F value for treatments is significant at 
the one per cent levelo This indicates that the extent of the differences 
between purchases of the two grades was influenced to a significant degree 
by treatment a The next step was to attempt to locate the cause of the 
differences in the rate of purchase of the two gradeso 
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II o Effect of Grade on Consumer Selection of T=Bone Steaks When the Two 
Grades Were Identically Priced but at Different Levels 
ao Results 
Table X presents a summary of the data obtained when both grades 
were priced alike, t 1 , t 2 and t30 For these three treatments a total 
of 472087 powids of Choice steaks were sold per thousand customers 
compared to 440089 pounds of Good steaks per thousand customerso The 
analysis of variances of differences (Good minus Choice) in Table XI 
indicates that the treatment di:t'ferences among t 1 , t 2 , and t 3 were not 
significant. 
TABLE X 
Price Per Pound Differences (Good Pounds of Choice 
Treatment .. Minus Choice)l Plus Good Sold 
Nwnber Choice Good Total Mean Total Mean 
t1 $lol5 $L15 =3'7o48 =4ol6 221052 24061 
t2 095 095 =23098 -2 066 243030 27003 
t3 0 '75 o?5 29048 3o28 448094 49088 
Total and Mean for the swn of 
t1, t2, t3 combined =3lo98 =Ll8 913, 76 33084 
lA minus sign indicates more Choice than Good sold for that treat= 
ment in terms of pounds per thousand customerso 
TABLE XI 
Analysis of Variance of Differences (Good Minus Choice) 
For Treatments t1, t2, t3 
Source 
Treatment 
Error 
D/F 
2 
56 
SS MS F 
~~~~~~~~~~~~~~~~~ 
2'78066 139033 lo2 
69494020 115097 
25 
The amount of each grade sold and the total volume of sales for both 
grad~s in treatments t1, t2 and t3 in terms of' pounds per thousand cus-
tomers are presented in Figure 2o The total volume of steaks sold was 
related to price in these three treatments, as indicated by the small dif-
ference between the grades sold (3lo98 pounds more of Choice than Good 
steaks) and the spread in total volwne between t 3 and the other two treat-
ments (210 pounds per thousand customers over t2 and 225 pounds per thou= 
sand customers over t 1 )o This fact is borne out by the analysis of vari= 
ance among t1 9 t2 and t3 for the volume sold 9 Choice and Good 9 in Table 
XIIo The total volume of t 3 at the lowest price is highly significant 
when compared to t 1 and t 2 at the higher price levelso 
Source 
Treatments 
Among t19 
t29 t3 
T1 and t 2 
versus t 3 
Ti versus t2 
Error 
**P < oOl 
TABLE XII 
Analysis of Variance of Total Volume 
(Choice and Good) for t19 t2 9 t3 
D/F ss MS 
8 '79440005 930000 
(2) 39499033 l/74~L6'7 
( 2) 69945096 39472098 
( 1) 26060 26060 
56 69245095 lllo53 
bo Discussion 
F 
6080** 
l5o69** 
3Ll4** 
024 
The normal price for t=bone steaks was approximately 95 cents per 
pound for the stores cooperating in this study o Assuming that the volume 
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500 
450 
400 
350 
300 
250 
200 
150 
100 
50 
,0 ~ 
t1 
Treatments 
t1 = Both_ grades $1.15 per pound 
t2 - Both_ gra.cles _ . 95 per pound 
t 3 .;. .. B.othgrades .75 pe.r.pound 
~ ~ 
t2 
Figure 2 
Amounts of Good and. Choice T=Bone Steaks 
'·, 
\ 
~ 
0 
t3 
Sold and ... the __ TotaLVolume ot: Both .. Gr.e.o.,es Sold for 
Treatments ti• t 2 and t 3 in. T.erms of Poµ.nds per Thousand Customers 
Total 
Choice 
Good 
l\:) 
()) 
27 
of steaks sold under t2 is the "normal" 9 the data in Figure 2 indicate 
that an increase in price of twenty cents per pound dropped the total 
volwne of sales nine per canto There are three factors which may account 
for this small decrease in volwne: first, consumers who normally pur-
chased t-bone steaks may have desired this particular cut of beef to 
such an extent that the majority of them were willing to pay the twenty 
cent premium for ito Secondly 9 the consumers who normally purchase this 
cut were possibly unaware of the usual priceo In this event 9 they did 
not realize that they were paying a premiwn9 and so purchased their usual 
amounto A third possible explanation is that this small decrease in to-
tal volume was due to chanceo In order to investigate further how much 
of a premium these people would pay for t=bone steaks, it would be nee= 
essary to include one or more treatments at a price per pound greater 
than $1ol5 9 since the F value obtained 9 Table XII 9 for ti versus t 2 was 
extremely smalL 
In t 3, where the price was lowered to 75 cents per pound 9 there was 
an increase in total volume. of 84o5% over t20 This increase may be ex-
plained by the fact that consumers who did not ordinarily purchase t=bone 
steaks became customers for this commodity; or 9 those consumers who ordi-
narily purchased at 95 cents per pound may have increased their purchaseo 
One or both of these factors caused an increase in the total volume of 
t-bone steaks sold at the lower priceo The highly significant F value 
obtained 9 Table XII 9 when t 3 was compared to t1 and t2 indicates that it 
is not likely that the large increase in total volume of steaks sold at 
the lower price was due solely to chanceo It may be noted that at the 
?5 cents per pound level there were slightly more Good steaks purchased 
than Choi.ce o ,l\t the 95 cents and $1.15 level the reverse situation pre-
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vailedo This indicates that while price was a factor in determining 
the total volume of t=bone steaks purchased 0 the selection by grade was 
conducted more or less in an inconsistent ma.nnero 
In order to study more fully the relationshi'l> which may exist be-
' tween these two grades and consumer selection of t=bone steaks 9 it would 
be well to replicate treatments t1 0 t2 and t30 Also 0 a price higher than 
$1015 would render more information as to the price level at which the 
consumer will change from t=bone steak to some other comm.odityo If a fu-
ture study adequately demonstrated that at an identical price per pound 
grades played no significant role in the consumers 0 selection 9 the sec= 
ond objective of this study would be of minor importanceo 
Treatments t1 0 t2 and t3 were also compared as a group against t4, 
t5 0 and t6 9 in which the Choice was priced higher than Good at different 
levelso A summary of the data considered in this analysis is presented 
in Table XIII 9 and the analysis ot variance is given in Table XIVo The 
difference between these two groups of treatments was significant at the 
five per cent levelo 
In treatments t 40 t5 and t 00 with Choice at a higher level than 
Good, Good consistently outsold Choice steakso For treatments t1 0 t2 
and t3 there was more Choice sold than Good 9 but when the amount of ex= 
cess Choice for t 10 t2 and t3 was tested against the excess of Good for 
t4, t5 and t 6 , an F value significant at the five per cent level was ob= 
tained 0 as in Table XIVo 
The significance of the spread between the difference totals for 
these two groups of treatments indicates that more consumers were basing 
their selection of t =bone steaks on price than on gradeo This spread 
could also be explained by the fac t that Good was the preferred grade 9 
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but this assumption is not supported by the analysis of .. the differences 
in volwnes of grades sold among treatments t1, t 2 and t 3 o 
TABLE XIII 
Data of Treatments t1, t2 9 t3 Compared 
With Data of Treatments t4 9 t5 9 t6 
Price Per Pound 
Treatment 
Nwnber Choice Good 
t1 $Ll5 $lol5 
t2 095 095 
t3 7,-0 0 .75 
Total and Mean for the swn of t19 t2, t3 
combined 
t4 $L35 $Ll5 
t5 1.15 0 95 
t6 . 95 0 '75 
Total and Mean for the sum of t4, t5, t5 
combined 
Differences (Good 
Minus Choice) 1 
Total Mean 
=4ol6 
=23098 -2066 
29048 
-31098 
25056 2.84 
7,73 086 
110.75 12.34 
144.04 5o35 
1A minus sign indicates more Choice yhan Good sold for that treat-
ment in terms of pounds per thousand customerso 
TABLE XIV 
Analysis of Variance of Differences (Good Minus Choice) for Treatments 
t 1 , t2 9 t 3 as Compared with Treatments t4 9 t5, t 6 
Source D/F ss F 
Treatment l 554037 55403'7 4o95* 
Error 56 115,97 . 
*P <. 005 
III. The Relationship Between Varying Prices for Two Grades (Choice 
and Good) of T-Bone Steaks from Mature Beef 9 and the Volume of 
Each Grade Sold 
ao Results 
To study the relationship between the varying prices for the two 
grades oft-bone steaks (Choice and Good) and the volW!le of each grade 
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sold 9 only treatments t 51 t 6, t 7 and t 8 were considered. Table XJl gives 
a swnmary of the data obtained for these four treatments. Figure 3 
indicates the volumes sold in treatments t 5~ t 6 9 t 7 and t 8 • Table XVI 
shows the analysis of variance for differences (Good minus Choice) for 
TABLE XV 
Price Per Pound Differences (Goid Pounds of Choice 
Treatment Minus Choice} Plus Good Sold 
Number Choice Good Total Mean Total Mean 
t5 $1.15 .95 ?.73 .86 25'?.05 28.56 
t5 .95 .75 110.?5 12.36 319.89 35.54 
t7 • 95 1.15 -103.48 -11.50 186.28 20.'?0 
ta .75 .95 = 88.23 - 9 .so 356,53 39.61 
Total and Mean for the sum. of 
t5, t6, t7, t 8 combined - 63.23 - 8.08 19119.?5 41.4'7 
1A minus sign indicates more Choice than Good sold for that treat-
ment in terms of pounds per thousand customers. 
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TABLE XVI 
Analysis of Variance of Differences (Good Minus Choice) 
For Treatments t 5 ~ t5, t7, ts 
Source D/F ss :rv.s 
Treatments 8 7,440.05 930000 
32 
F 
608** 
Among t 5 , t6, (3) t7, ta 3,275.26 1,091.75 9o41** 
T5 versus t5 ( 1) 589062 589.62 5.08* 
T7 versus ta ( 1) 12.92 12.92 .11 
Error 56 6,494020 115. 97 
*P < 005 
**P <oOl 
bo Discussion 
The analysis of treatments t 5 , t 6 , t7 and t 8 indicates that differ= 
ences between the volume of Choice and Good steaks sold were highly sig= 
nificant among these four treatmentso The differences as denoted in 
Figure 3 are in opposite directions 9 with more of the lower priced grade 
sold in every instanceo 
Treatment t 59 in which Choice is priced at $1015 and Good at 95 
cents per pound, suggests that at these price levels more people were 
willing to pay a premium for the Choice grade, since similar amounts of 
the two grades were sold (Table XVI: t 5 versus t 6 ). o This occurred even 
though there was a twenty-cent spread in price between the two gradeso 
At the lower levels, treatment t 6 (Choice 95 cents and Good 75 cents} 
this did not hold true, however 9 since twice as much Good steak was sold 
at the lower priceo It is possible that the people who normally pur~ 
chase t=bone steaks have a little more awareness of grade than do the 
33 
people who will not purchase th.is cut until it is below the normal mar-
ket price. The hypothesis that consumers who purchase t-bone steaks at 
the higher price are willing to pay a premium for the Choice grade is 
supported by the analysis of variance in Table XVI in which t5 was tested 
against t 6 • The significant F value indicates that some consideration 
other than chance caused the spread in volume of differences for the two 
grades at these levels of prices.. In this case it can be assumed that 
the factor considered was the grade. 
Treatments t 7 and t 8 p in which Choice was priced twenty cents lower 
than Good at two levels, again indicate that the price is a more influ-
ential factor than grade in determining the amount sold. The extent of 
the difference between the two grades was not significant (Table XVI: 
t 7 versus t 8 ) • 
The total volume (Good and Choice) sold for these three treatments 
was analyzed in Table XVII. When the total volume sold at the two higher 
levels, t 5 and t 7 , was compared with the total volume sold at the two 
lower levels, the F value obtained was highly significant. When t7, a 
higher level treatment was compared with ta, a lower level treatment, the 
F value was again highly significant. T5 compared with t 6 was not sig-
nificanto No apparent reason other than chance can be suggested for the 
failure of the volume at the lower level in this case to be significantly 
different from the volume at the higher level • 
. • 
Treatments t 5 and t 6 , with Choice priced higher than Good, were com-
pared with treatments t 7 and ta in which Good was priced higher than 
Choice. Table XVIII shows the analysis of variance of this compa.rison. 
TABLE XVII 
Analysis of Variance of Total Volume (Choice 
And Good) for t5j t5, t7, ta 
Source D/F ss MS 
Treatments 8 ?,440.05 930.00 
T 5 and t 7 versus 
t5 and ta (l} 1,509.19 1~509.19 
T5 versus t6 ( 1) 219.38 219.38 
T7 versus ta (1) 1,610.28 1,610028 
Error 56 6,245.95 111053 
**P < .01 
TABLE XVIII 
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F 
6.80** 
13.53** 
1.97 
14 ,44** 
Analysis of Variance of Differences (Good Minus Choice) for Treatments 
t5, ts as Compared With Treatments t7 9 ts 
Source D/F ss F 
Treatment 1 2,6?2.'72 23.05** 
Error 56 6,494.20 115.97 
**P < .01 
The differences between t 5 , t 6 and t 7, t 8 were highly significanto 
As noted above 9 the smallest source of variation among these four treat-
ments occurred in t 5 • This lends further support to the observation that 
at the higher price levels people may be more conscious of grade and are 
willing to pay a premium, in this case twenty cents per pound~ for the 
Choice grade t=bone steaks as compared with Good t=bone steakso It is 
also recognized that the majority of customers in these stores were accus~ 
tomed to having only the Choice grade of beef offered to them. Th.is may 
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have entered into the situation in the form of Choice being selected on 
the basis ot past associationso 
IV. Effectiveness of the Design of the Experiment in Measuring the 
Primary Objectives 
The fourth objective of this study was to determine whether the de-
sign used would generate the information desired for the first three ob-
jectives o The experimental method developed several weaknesses as the 
study progressed. As has been previously noted 9 a more exhaustive study 
is needed to invest;Jgate consumer reaction to the grades Good and Choice 
at the same price over a wider rangeo The number of treatments used here 9 
three at the same price for the two grades with only a single replication 
in each store and on each day 9 is not enough to draw satisfactory con-
clusionso 
The information obtained from the first three treatments hints that 
there may be a slight preference for the Choice over the Good at the 
higher price range, but that the Good may be preferred at the lower price 
levelo When t1 (both grades priced alike at $lol5) was compared with t3 
{both grades priced alike at 75 cents), the analysis of variance 9 Table 
XIX 9 shows the F value to be significant at the ten per cent levelo This 
study was not extensive enough along those lines to fully investigate 
that possibility. 
Source 
Tl versus t3 
Error 
lp < .10 
TABLE XIX 
Analysis of Variance of Differences (Good Minus 
Ohoice)'for Treatment t1 Versus t 3 
D/F ss MS 
l 249009 249 009 
56 6 494.2 11509'? 
], 
20151 
The second objective was studied by the use of four treatments, 
t 5 , t 6 , t 7 and ts, In order to investigate this objective more fully 9 
the design could be improved by having balanced treatments o That is, 
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for every treatment where Choice is priced at a higher level than Good 9 
a similar treatment should be used with Good priced at a higher level 
than Choice o I.n this study there were a total of four treatments out of 
the nine which had Choice priced higher th;an Good and only two treatments 
in which Good was priced higher than Choice a 
Another aspect of this design is the difficulty in controlling the 
physical detailsa One of the major confounding effects in determining 
consumer preference for the two grades was the fact that all too often 
visual differences were not apparent a In a few instances the Good grade 
actually had the appearance of Choice and vice versaa (All the beef used 
was federally graded 9 but since much of the grading was performed on the 
unribbed carcass, there was a chance for considerable variation 9 partic-
ularly in the amount of marbling within a grade a) Another factor which 
made it difficult to control the quality of the meat used 9 was that the 
supplies were not always obtained from the directed sourcea This also 
increased the within-grade variationa 
Finallyi there was the matter of the cooperation of the individual 
meat managerso In most cases cooperation was excellent 9 but in one or 
two instances it was nota The records from one store were felt to be 
quite unreliable 9 but there was no way of actually determining the ex-
tent or direction of the erroro There were also occasions when one or 
more stores would run short of a supply of a particular grade 9 thus nee= 
essitating an estimate of the missing datao 
Further studies should improve the experimental design in the 
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following ways: (1) The treatments should be devised to study the dif-
ference between the two grades at the same priceo (2) A balanced set. 
of treatments should be used to study the premium which conswners will 
pay tor their preterenceo (3) Rigid control must be used in the study 
to insure that the supplies are properly selected and that the data are 
properly recorded. 
SUMMARY 
Consumer preference for UoSo Choice and UoSo Good t=bone steaks was 
observed in nine chain stores on nine different dayso The treatments 
were the pricing combinations applied to the two gradeso No significant 
diff~rence in volume between the two grades sold due to stores or days 
is indicated by the analysis of variance for the differences between the 
two grades sold 9 in terms of pounds per thousand customers of Good minus 
Choice steakso The treatments applied resulted in significant differences 
in the disappearance of steaks of the two gradeso 
There were no significant differences among the volwnes of the two 
grades sold when the two grades were priced alike at three different 
levels (treatments t 1 , t2 9 t3) o Tb.ere was more Choice than Good sold 9 
however 9 at the higher price levels (ti at $Ll5 per pound and ·t2 at 95 
cents per pound) o At the lower price level (t39 '75 cents per pound) 0 
more Good was sold than Choiceo A decrease of twenty cents per pound in 
the price of t=bone steaks (t3 ) caused a sharp increase in the total vol= 
ume soldo An increase of twenty cents per pound over t2 9 which is con= 
sidered to be approximately the normal price of t=bone steak 9 caused only 
a s.ma.ll decrease in total volume soldo 
The differences in the volumes sold were significant at the five per 
cent level when treatments t 19 t 2 and t 3 (in which both grades were priced 
alike at different levels) were compared as a group to treatments t 4 ,t5 
and t5 (in which Choice was priced twenty cents per pound higher than 
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Good at three different levels)o This indicates that more people base 
their selection of t-bone steaks on price than on grade. 
A highly significant difference among the volumes of the two grades 
sold was shown by an analysis of t 5 , t 6 , t 7 and ta (in which Choice was 
priced twenty cents per pound higher than Good 1 t5 and t5 1 and Good was 
priced twenty cents per pound higher than Choice, t7 and ta~· The differ-
;~oes-w~re largely due to the prices applied; since in every instance more 
of the lower priced grade was soldo The small difference in volume be-
tween grades in t 5 suggests that at the higher price range more people 
were willing to pay a twenty cent premium for Choice steakso When t5 
and t 6 were compared with t 7 and t 81 the differences were highly sig-
nificant, again supporting the observation that at the higher price ranges 
Choice may be desired by the majority of consumers who purchase t-bone 
steaks 9 while at the lower price ranges Good seems to be selectedo 
A more exhaustive study of these two grades oft-bone steaks, priced 
at the same level to determine whether there actually is a preference for 
one grade over the other at different price levels, should be undertaken. 
If it could be adequately demonstrated that at certain price ranges one 
grade is preferred to the other 9 the spread in price which thes~ consumers 
could pay for the preferred grade could be more fully studiedo The exper-
imental design used lacks efficient control of the physical aspects of 
the studyo A scheme is needed which will increase the control of the 
material used and the method of recording the datao 
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PART II. THE USE OF AN UNTRAINED TASTE PANEL TO STO'DY 
ORGANOLEPrIC DIFFERENCES AMONG U.S. CHOICE 9 
UoSo GOOD AND UoSo STANDARD GRADES OF BEEF 
INTRODUCTION 
The federal standards for grading beet are based on visual apprais-
al of carcass characteristicso The higher Choice grade may be consid-
ered more desirable to the consumer than the lower Good or Standard grade, 
since the monetary values placed upon slaughter pattle are related to the 
grade of the carcasso The consumer is ultimately interested in.the eat-
ing qualities of the meat when purchasing beefo It would therefore be 
logical to assume that there is a relationship between the visual ap-
praisal by which beef is graded 9 and the eating characteristics of the 
meat. 
Rhodes!:!. !J:.o (1956), in studies conducted at Missouri with a 
trained taste panel 9 de.m.ons.trated that there was considerable variation 
in eating characteristics within a grade of beef. If this is true 9 the 
question then arises whether or not an untrained panel of consumers can 
detect differences in eating characteristics among different grades of 
beef. The present study was initiated in an attempt to help answer this 
question. 
If the consumer can detect eating differences in d.esirability be'.'".·. 
tween grades, it .may be concluded that there is a relationship between 
visual appraisal and eating desirability. Ifj on the other handi no dif-
ferences between grades can be detected or if the lower grades should be 
more desirable than the higher grades 9 then the relationship between vis-
ual grades and eating desirability may not hold true. 
The consumer is charged more per pound for Choice beef than for Good 
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or Standard. The cattle producer, in turn, is paid more f'or those cattle 
which will grade Choiceo It it can be demonstrated that there is little 
or no difference in the eating desirability between the grades, then some 
allowance fort his should be made in the field of visual gradingo The 
grading system should reflect differences in those qualities which con-
stitute "good eating". If' the present grades tail to do this, then some 
means of improving the grading system would be desirable. 
REVIEW OF LITERATURE 
Measuring differences in palatability between various products is 
·~~ 
one of the major problems in the field of meats research. There is at 
present no objective method for measuring these palatability differences. 
The use of taste panels to detect organoleptic differences in various 
food products is the method most widely used. 
Crocker (1948), in a study of the source of flavor of raw and boiled 
beef, stated that in raw beef there is a small .amount of blood-like fla-
vor in the juice, but none in muscle fibers. l{e found no enzyme in the 
saliva capable of hydrolyzing raw meat fiber to release any taste-pro-
ducing substances during chewing. This worker also demonstrated that 
flavor in cooked beef is determined by many chemical components, and con-
sists more of aroma than of taste. So.me of the flavor of meat released 
by low-temperature heating (2120 F.) is probably due to the "cracking" 
of amino acid units of the protein 9 particularly those of the muscle fi-
ber. Some of the fragments thus released have taste 9 but the most con-
spicuous elements present are aromas. 
Several investigators have used taste panels to measure such sensory 
qualities as palatability and tenderness of meats which have been sub-
jected to various treatments. Gaddis .!!1.!1• (1950) studied ninety=seven 
beef rib samples to determine the relationship between objective measures 
of press fluid and subjecttve panel ratings for juiciness. They found 
that the percentage of press fluid was not significantly related to the 
subjective scores for quantity of juice. There was a tendency for the 
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percentage of press fluid to decrease as the percentage of fat in the 
press fluid increased due to a larger amount of intramuscular fat. At 
the same time, the subjective scores for quantity and quality of juice 
increased. The relationship between percentage of fat in the press fluid 
and the subjective scores for juiciness was curvilinear, since there was 
little change in score after approximately two per cent fat content. 
Clark~ al. (1949) used a five-member trained taste panel to study 
the differences in tenderness and palatability of beef top-round cooked 
by oven roasting and pressure cooking. The judges based .their ratings on 
aroma, texture, flavor and juiciness. The panel rated the roasted meat 
as being more palatable than that cooked in the pressure cooker. The 
judges preferred the flavor of both the lean and fat of the oven roasted 
meat and thought that the meat cooked under pressure was too dry. The 
tenderness of the different muscles in the roasts was tested by means of 
the Warner-Bratzler shear. No apparent difference in tenderness between 
the individual muscles of the round was found with either cooking method. 
Wan:derst ock and Miller ( 1948) used a small panel of trained judges 
to score the palatability of beef roasts from steers on different levels 
of feeding. One of.the ma.in objectives of this study was to determine 
the degree of fatness (as represented by carcass grade) necessary to pro-
duce beef.which was acceptable in palatability. The range in qarcass 
grades was from average Choice to low Commercial. (~here was no Standard 
grade'at that time.) It was found that all samples met the minimum level 
of acceptance for palatability. The beef which had been fed grain and 
graded low Good to average Choice was higher in palatability than the , 
carcasses which were produced by fattening on pasture alone and which 
graded low Commercial to low Good. 
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Many people regard tenderness as the most important eating character-
istic of beef'o This characteristic may be measured by various objective 
devices as well as by the use of' taste panelso Mackintosh et !1• (1936) 
stated that the Warner-Bratzler shear was a satisfactory test for measur-
ing tenderness as shown by the correlation between shear value~ collagen 
content and a panel rating. 
Bratzler.(1949) discussed the proper procedure to use with the Warner-
Bratzler shear and stated that there are several factors which may affect 
the values obtained from this machine. The first is the degree of done-
ness of the cooked sample. In general 9 the higher the internal tempera-
ture of the sample, the more force required to shear it. There may be 
variation in the readings due to lack of' uniformity in thickness among 
samples. The presence of connective tissue and interrnuscular fat in the 
sample will affect the ratings and should be avoidedo Finally, to obtain 
the most accurate readings 9 the samples should be taken parallel with the 
direction of the majority of' the muscle fibers. 
Hiner and Hankins (1950) compared the relative tenderness of beef 
samples from nine different locations of the same carcass and from the 
same location in the carcasses of animals of different ages. They used 
the Warner-Bratzler shear as the measure of tenderness. At least two one-
inch cores per sample were used and each core was sheared three times. 
The average for all shears on any sample was the figure used in the re:-
sul ts. For each of the five age groups used, the samples were classified 
into four groups ranging from the least to the most tender. These groups 
were: neck and f'oreshank; round; chuck: at third rib and cross arm, 
eighth rib, short loin and loin end; and tenderloino There was a smaller 
difference in tenderness among samples from the younger animals than from 
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older animals. As the age of the animals increased, tenderness decreased 
for each of the nine sampleso The difference in tenderness between veal 
and cow was found to be highly significant, whereas the difference between 
veal and five-hundred pound slaughter calves was not significant. 
Ramsbottom and Strandine (1948) studied differences in tenderness 
among the muscles of beef carcasseso The Warner-Bratzler shear was used 
on both raw and cooked sampleso Tenderness was also determined by a com-
mittee rating using a scale of one (very tough) to seven (very tender)o 
The samples were cooked in deep fat to an internal temperature of 170° Fo 
The shear values were larger for the cooked beef than for the raw samples 
in thirty-five out of fifty muscles testedo This indicates that most 
muscles become somewhat less tender when heated quickly to 170° Fo The 
psoas major (tenderloin) was found to be the most tender muscleo There 
was no indication as to the agreement between the committee ratings and 
the Warner-Bratzler shear valueso 
Cover (1937) used the paired-eating method to study the effect of 
time and temperature on the tenderness of beef roasts. This method in-
volved a panel of judges, each making comparative judgements from paired 
samples taken from similar positions in paired roastso One of the paired 
roasts was cooked in a 2570 Fo oven to an internal temperature of 176° Fo, 
and t.he other roast was cooked in a 437° F. oven to the same internal 
temperatureo The tenderness was rated on a five=point chart in which 
number one was "very tough" and number.five "very tender"o The panel 
judgements revealed a significant increase in tenderness for beef roasts 
cooked at the lower temperature as compared to those cooked at the higher 
temperatureo The difference in tenderness appeared to be more related to 
the longer cooking time needed to reach a given internal temperature than 
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to the cooking temperature itselfo 
Ramsbottom!:! aL (1945) studied the comparative tenderness of 
twenty-five representative muscles from three UoSo Good beef carcasses. 
Tenderness was measured by the Warner=Bratzler shear and organoleptically. 
A positive correlation was found between the shear ratings and the score 
of the judges. 
In most instances where a panel of judges is used to rate samples of 
meat for such characteristics as flavorj tenderness and desirab1lity 9 the 
panel has had some previous training or has been selected on the basis of 
sensitivity to the characteristic under studyo Bennett et alo (1956) 
conducted a study to determine if the training of taste panel members 
would increase their ability to detect differences in aroma and flavor 
of ground beef at different levels of rancidityo The performance of a 
previously untrained group was observed during fifteen trialso The panel 
rated twelve samples each day. The panel members had an opportunity to 
discuss their ratings twice a day. The scorings for both aroma and flavor 
were inconsistent during the first week of study 9 but there was more uni-
formity in ratings among the group as the training period progressedo 
Some of the judges had only a limited ability to detect small d1fferences 9 
and their discrimination was not improved with training. In general 9 
however 9 training did increase uniformity among the judgeso 
Rhodes 2.!. aL (1956) worked with both a trained and an untrained 
panel to determine whether eating differences could be detected among 
different grades of beef or among different carcasses from the same grade. 
Carcasses were selected which ranged in weight from 320 to 840 pounds 9 
and which graded Prime 9 Ohoice 9 Good and Commercialo The judges were 
given five samples from either the short loin or the top=round~ three of 
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the samples from one steak and the remaining two from a similar location 
on another carcass. The ability of the judges to discriminate was meas-
ured by their success or failure to determine which three samples were 
alike. The results indicated that eating characteristics are not closely 
related to grade. Differences in eating quality as indicated by the 
judges' ability to discriminate among samples were about the same within 
a grade as they were between gradeso The panel of inexperienced judges 
showed greater ability to discriminate among the various samples tested 
than did the experienced. judges o The inexperienced judges were students 
who expressed an interest in the study. The authors suggested that al-
though experience improves judging ability 9 perhaps in this case motiva-
tion was more important th.an experience in influencing pertormanceo 
There are several different ways in which samples can be presented 
to taste panels. These different methods of presentation require the use 
of statistical analyses specifically adapted to them. Bradley (1953) 
discussed the different types of taste panels and the purposes tor which 
they are designed. There were four types of taste panels considered 9 
those tor the detection of differenoes 9 quality control 9 consumer prefer~ 
ence 9 .and quality evaluationo It was pointed out that when a rating 
scale is devised for use by the judges 9 there is no guarantee that all 
the members of the panel will utilize the so.ale in the same manner. The 
ranking technique may be used. by a judge more successfully than the rating 
scale when treatment differences are very small and difficult to detecto 
The paired comparison method is merely a special rank order techniqueo 
With this method only two treatments ar~ considered at one timeo 
Terry et al. (1952) presented an experimental technique and analysis 
for use with the paired comparison method which is adapted to problems 
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involving the detection of differences among several treatments by senso-
ry means with a small panel of judges. The samples are presented two at 
a time to the judges who then rank them in order of preference for the 
attributes under consideration. The statistical analysis is accomplished 
by the use of' '!,ables which detect the degree to which the judges are able 
to determine differences consistently. 
Peryam et a;I... (1950) described tests designed to measure sensory 
--
differences. They stated that the scoring methods most commonly used 
allow too many variables to operate at once. Each one of these variables 
is measured subjectively by the judges and then converted into a single 
score. It can only be assumed that the judges are placing equal weight 
on the different variables. There is a definite need for objective meth-
ods to measure. flavor in food products. One such method suggested by 
these workers is the Duo-Trio test. The panel members are first given a 
control sample. Next they are give~ two more samples, one of which is a 
control and the other a sample of the product being tested. The judges 
must then state which of the last two samples is different from the first. 
This same procedure is repeated once more. In another~ the Triangular 
test in which two controls and a variant are used 9 the observers are asked 
to state which sample is different. The latter test seems to be more 
sensitive than the Duo-Trio test. 
The meat industry is interested in taste panels 9 since the reactions 
of panel members are an indication of consumer response to a given pro-
duct. Garnatz. (1952) discussed the method employed by the Kroger Food 
Foundation t.o obtain information regarding consumer preference or accept-
ance of ·various meat products. A large conswner panel was established 
by first dividing the area served by Kroger stores into districtso A 
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brochure outlining the purposes of the consumer panel was mailed to house-
wives in these districts. A quota of panel membership was assigned to 
each district based on the number of stores operated and the size of the 
population in the areao Full membership for the entire panel was set at 
seven hundred and fifty. The product to be tested was mailed to the 
panel members together with a similar item of lmown acceptance" A letter 
explaining in a general way what the test involved, a set of directions 
as to how the samples were to be handled, and a questionnaire accompanied 
the samples. The housewives who took part in this test received no pay 
other than the samples sent to them" Despite this fact 9 there was a high 
degree of interest and only rarely did the responses fall below eighty 
per cent. The Kroger Foundation has used such a panel for several years 9 
and found it a valuable guide in product-development work. 
EXPERIMENTAL OBJECTIVES 
The purposes of this study were as follows: 
I. To determine whether an witrained taste panel can detect 
differences in over-all desirability 9 flavor, and tenderness 
between U.S. ·Choice 9 U.S. Good, and U.S. Standard grade rib 
steaks. 
II. To measure the variation in tenderness in fifteen beef ribs 
from U.S. Choice 9 u~s. Good and U.S. Standard grades of beef 
using the Warner-Bratzler shear. 
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EXPERIMENTAL PROCEDURE 
Io 'Material Used 
' 
Fifteen paired wholesale beef ribs from carcasses grading UoS. Choice, 
U.S. Good and U.S. Standard were selected for this study. The right rib 
from each carcass was used for physical separatioh of fat 9 lean, and bone, 
and the left rib furnished the samples for the taste panel. 
Animals were selected which had been shipped from the same feed lots 
and were approximately the same age.·· It was not always possible to ob-
tain animals of the same weight 9 age and origin. Therefore 9 in some in-
stances there was a weight spread between the Standard and the other two 
grades. The age, which ranged from approximately 14=30 months 9 was esti-
mated on the live animal by the packing house cattle buyer and from the 
carcasses by the federal grader. 
All carcasses were selected from the middle third of their respec-
tive grades 9 as determined by a federal meat grader. The carcasses were 
tagged with a code number which remained on the wholesale ribs when 
shipped to the University meat laboratory. The grade and slaughter 
weight of the five sets of animals are shown in Table I, 
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TABLE I 
Grade 9 Slaughter Weight and Approximate Age 
Of, Beef Carcasses 
Set Grade Hot yarcass Weight (Lbs.) Approximate Age (Moso) 
l Choice 450 14-18 
Good 447 14=18 
Standard 329 14=18 
2 Choice 760 24-30 
·09od 671 24-30 
Standard 534 24=30 
3 Choice '721 24-30 
Good 674 24=30 
Standard 529 24=30 
4 Choice 489 16=22 
Good 492 16=22 
Standard 467 16=22 
5 Choice 474 16-22 
Good 480 16=22 
Standard 458 16=22 
II. Methods 
ao Physical Separation of Fat 9 Lean and Bone 
The right ribs, after being aged twelve days 9 were cut according to 
the procedure set forth in the 1952 Proceedings of the Fourth Annual 
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Reciprocal Meat Conference. A three-rib cut utilizing the ninth 9 tenth 
and eleventh ribs was photographed and weighed. The fat 9 lean 9 and bone 
and eye muscle were physically 13eparated and the weight of each recorded. 
Plate I shows a representative set of beef ribs. 
b. Use of the Warner-Bratzler Shear to Obtain Tenderness Ratings 
Two-inch steaks were thawed for twenty-four hours at 33° Fo 9 and 
then a dial type meat thermometer was inserted into the center of each 
steak. The steaks were placed four inches below the flame in a gas broil-
er which had been pre-heated to 350° F. They were cooked to an internal 
temperature of 110° F o and then turned and allowe9, to cook to an internal 
temperature of 160° F. The steaks were removed from the grill and one-
inch cores were taken according to the procedure described by Bratzler 
(1949}. Three cores 9 dorsal 9 medial and lateral 9 were taken from each 
steak. Two readings on the Warner=Bratzler shear were obtained for each 
core 9 making a total of six readings for each steak. The average of 
these six readings was used as the value for that carcass. An analysis 
of variance was performed to test for differences in tenderness among 
the three grades. 
c. Initial Preparation of Samples for the Taste Panel 
The left ribs, from which the samples for the taste panel were taken, 
were aged twelve days and trimmed of any dried or discolored surface. 
The short ribs were removed 9 and the rib was cut into six one-inch and 
one two-inch steaks, beginning at the posterior end. The two-inch steaks 
were used to obtain the Warner-Bratzler shear values. The steaks were 
prepared boneless and individually wrapped in a laminated freezer paper. 
PLATE I 
A represe~tative set of Beef Ribs (set #2) 
Choice #2 Good #2 Standard #2 
V 
a 
5? 
Each package was coded to indicate the grade 9 set, and position of the 
individual steak in the rib. All steaks were placed in a sharp freeze 
at -20° F. for twenty-tour hours and then stored at o° F. Twenty-four 
hours before the steaks were used 9 they were placed in a cooler at 33° F. 
for thawing prior to cooking for taste panel evaluation. The length of 
time the steaks remained frozen varied from five to twenty days. 
d. Selection of Panel Members 
The taste panel ,:was comprised of seven graduate students. The data 
for one of the judges were incomplete and were discarded before the final 
analysis. The. panel members were selected from eleven participants on 
the basis of two preliminary trials using the triangle test, as described 
by Peryam et .al. (1950). The materials for these preliminary tests were 
-.---
Choice and.Commercial beef rib steaks. 
During the first preliminary trial each judge was asked to indicate 
which of the samples made up the pair, and which was the odd sample in 
terms of tenderness and over-all desirability. The second preliminary 
trial was conducted in a similar manner with one exception. Instead of 
indicating which sample was the more tender 9 the judges were to select 
either the pair or the odd sample as having the more pleasing flavor. 
The second trial was conducted twenty minutes after completion of the 
first trial. 
Of the eleven initial participants, two failed in at least one of 
the trials to match up the pairs correctly and were thus eliminated. Two 
others were inconsistent in their desirability ratings, selecting Choice 
as more desirable in one trial, and .Commercial as more desirable in t.he 
other. The remaining seven constituted the taste panel. 
e. Conducting the Taste Panel 
The trials were conducted weekday afternoons at 4:30 PoMo until a 
total of fifteen trials had been completed. The steaks were thawed 
i 
twenty-four hours at 330 F. before each trial. They were then broiled 
58 
in a manner similar to the one employed to prepare steaks for the shear 
tests. The surfaces of the steaks 9 however, were placed three and a half 
inches from the flame instead of four inches. Also 9 each steak was tagged 
with an aluminum tag before cooking to maintain the identity of the 
sample. 
Each trial necessitated the use of six steaks 9 two from each of the 
three grades. The steaks were cut from the same relative position on 
the wholesale rib. A dpuble strip was cut from the center of each eye 
muscle and from this seven samples were taken. Figure l shows the math-
od of cutting the samples. Portion number three was always discarded 
since it contained a section of intermuscular fat. 
The procedure set forth by Terry !l~· (1952) was followed in pre-
senting the samples to the judges. The three treatments were the grades 
of. U .s. Oho ice, U .s. Good and .U .s. Standard. The design required all 
possible paired comparisons among treatments: Choice with Good 9 Choice 
with Standard, and Good with Standard. For each trial and for each judge 
there were thus three sets of comparisons. The judges rated each of 
these comparisons for three attributes: over-all desirability, flavor 
and tenderness. 
A ,warm porcelain plate was marked off with a black wax pencil into 
thirds and the thirds labelled l 9 II, III. Each third was divided in 
halves by a red wax pencil and the halves labeled A and B (Figure 2). 
The position of the comparisons between any two treatments was randomized 
Figur'3 l 
Method o_f.Trimming 
.e.nd. Fostt.i.o.n. o.f .. S.e.mp.les 
In .Rib. St.eaks .. Us.ed .. in .This Study 
.;.;JI,, .. 
B 
/ 
/ 
/ 
/ 
/ 
I 
Figure 2 
. Plate Diagram.Showing 
the .. Method in. Which t.he. Samples 
A 
Were. Pai.red .for. F.resent.ati.on •. to. t.h~ J'ud.ges 
<(Double .lines w.ere b.laok, .. broke..n lines were re.d. J 
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on the major divisions of the plates (I, ir 9 III) for each judge and for 
each trial. The treatments were given the following code nwnbers:. Jl) for 
Choice, (2) for Good and (3) for Standard. The position of each treat= 
ment on the plates was recorded in advance of each trial so the ratings 
of the judges could be correctly recorded. When the samples were pre-
sented to the panel, portions were taken from the same relative position 
of the steak in order to hold all variables except grade as constant as 
possible. 
The seven panel members were instructed to make three sets of com-
·parisons for three different factors at each sittingo Each comparison 
between pairs was made independently of the other comparisons. The mem-
bers were told only that the samples were beef. ~his was a forced choice 
type of situation in which the panel members were required to rate one 
of each pair as being the "better". 
The score card used by the judges is shown in Figure 3. The Roman 
numerals and letters on the forms corresponded to the same letters and 
numbers on the plates. The judges recorded a one (1) in the appropriate 
block for that sample which had most of the attribute under consideration 
and a two (2) for the remaining sample of the pair. In the case of over-
all desirability they were to consider such things as aroma and juiciness, 
even though they were not specifically rating those characteristicso 
The over-all desirability rating was used to mean that sample which gave 
them the greatest eating pleasure. The rating for flavor and tenderness 
was self-explanatory. 
After each trial the rating forms for each of the judges were col-
lected and decoded. The treatment ratings were then recorded on a form 
as shown in Figure 4. The totals for each treatment were recorded at 
TASTE FANEL SCORE CARD 
NAJIE.~~....,....,.....,....,.~~~~~~....,....,.~~~ 
TRIAL:--~~~~~~~~~.....,.,...~~~ 
DATE~~~~~~~~~~~~~...--
l ::: more of the attribute 
Oyer-all Desirailli.,ty · Flavor 
A I B A I B 
I I l 
I I 
A I B A I B II I J 
A I B A I B 
III I I 
i I 
Figure 3 
Taste Pa.nel Score Cfird 
2 a; less_of the at_tribute 
Tenderness 
A I B 
I 
I 
A I B 
J 
A I B 
I 
I 
()} 
..... 
TASTE PANEL DATA SHEET 
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the bottom of the form. A perfect rating, or one in which the judge was 
able to detect differences in any of the attributes, had totals of 2, 3, 4 
for the three trials. Totals of 3, 3, 3 indicated that for a particular 
trial and attribute the judge was unable to detect any difference. 
III. Statistical Analysis 
T~e analysis was conducted according to the procedure outlined by 
Terry!!.!!• (1952). The judges were rated both as individuals and as a 
six-member panel. A chi square test for the individual judges and the 
panel was performed by the method presented by Terry et ai. (1952). 
--
RESULTS AND DISCUSSION 
Io Physical Separation of the Ninth, Tenth and Eleventh Rib Sections 
a. Results 
The ninth, tenth and eleventh ribs from the right wholesale rib of 
each carcass were used for physical separation. The percentages of fat 9 
lean, bone and longissimus dorsi were then computedo The percentage of 
the longissimus dorsi was computed alone, and then included as part of 
the total leano .Table II shows the percentages for each carcass. The 
percentage figures do not necessarily total one hundred. due to rounding 
errors in recording the weights. Table III presents the average percent-
age for each of the three grades. 
b. Discussion 
There was an increase in the percentage of bone in the Standard 
grade of lo4% over the Choice grade, as indicated in Table III, while 
\ 
the Standard and Good grades contained almost identical percentages of 
bone. The percentages of bone for the three grades were not signifi-
cantly different, as shown by the analysis of variance in Table IV. 
There was more variation in percentages of fat than bone among the 
three grades. The differences in per cent of fat were significant at 
the one per cent level, as shown in Table V. The average per cent of fat 
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TABLE II 
Percentage of Bone 9 Fat, Lean and Longissimus Dorsi From 
Ninth, Tenth and Eleventh Ribs of Right Wholesale Ribs 
Graded UoSo Choice, UoSo Good and U oS o Standard 
Animal Number 
and Grade % Bone % Fat % Lean % Lo DorE_ 
Choice l 1'708 36o'7 44o2 19 0 '7 
2 l3o0 49.6 36.9 16.3 
3 14.l 45,0 40o5 16,2 
4 13.9 34.4 51. 7 28.2 
5 13.0 39o9 46.9 22.3 
Good l l?.O 34,5 48.6 21.8 
2 1'7.0 39o0 43,6 16.9 
3 16o0 35.5 48.0 19 06 
4 1208 35,9 5L4 2:5ol 
5 14.3 36,2 49.l 19.6 
Standard l 16ol 30.3 53,6 26.3 
2 16.'7 30o4 52,1 24,6 
3 1'7,9 2?ol 55,0 23o'7 
4 l4ol 34.8 50o5 37 o''? 
5 14,3 32o0 53.5 25.5 
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in each grade was related to the grades themselves (Table III). Choice 
had the highest average per cent of fat (4Ll%) 9 Good had 36.2% and Stand-
ard had the lowest percentage of fat, 31.Q%. 
TABLE III 
Average Per Cent of Bone 9 Fat~ Lean and Longissimus borsi by Grade 
Grade % Bone % Fat % Lean % L. Dorsi 
Choice 14.4 41.1 44.0 20.5 
Good 15.4 36.2 48.l 20.6 
Standard 15.8 30.9 52.9 27.6 
TABLE IV 
Analysis of ;Variance of ~er- Cent o:f Bone in Ribs from Choice 9 
Good and Standard Grade .Beef Carcasses 
Source D/F ss MS F 
Total 14 45.24 
Grade 2 5.74 2.87 .8'7 
Error 12 39.50 3.29 
TABLE V 
Analysis of Variance of Per ,Cent of Fat in Ribs from Choice, 
Good and Standard Grade Beef Carcasses 
Source D/F ss 
Total 14 455.87 32.56 
Grade 2 260.40 130.20 
Error 12 195.47 16.29 
P··< .Ol 
F 
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The percentages of lean for the three grades approached statistical 
significance at the one per cent level. The analysis of variance is pre-
sented in Table VI. The average percentages of lean in each grade were 
inversely related to the grades 9 with Standard having 53.0% lean~ Good 
48.1% and Choice 44.0%lean. 
TABLE VI 
Analysis of Variance of Per Cent of Lean in Ribs from Choice~ 
Good and Standard Grade Beef Carcasses 
Source D/F ss 
Total 14 373.25 
F 
Grade 2 198.91 99.45 6.84* 
Error 12 1'74.34 14.53 
*P < 005 
The percentages of iongissimus dorsi among the three grades approached 
significance at the five per cent level 9 as indicated in·Table VIL The 
average per cent of longissimus dorsi was almost identical for the Choice 
and Good grades (2005% and 20.6%) 9 but the average per cent for the 
Standard grade was 27.6%. 
TABLE VII 
Analysis of Variance of Per Cent of Longissimus Darsi in Ribs from 
Choice 9 Good and Standard Grade Beef Carcasses 
Source D/F ss F 
Total 14 433.32 
Grade 2 163.ll 81055 3.62 
Error 12 2'70o21 22.52 
As a result of the analysis of five carcasses from each of the 
three grades UoSo Good 9 UoSo Choice and UoSo Standard, several factors 
are evidento Of the four compo~ents studiedi the per cent or bone 
varied the least among the three gradeso. Since per cent of fat in-
creased with grade, and bone was more or less constant 9 the percentage 
68 
ot lean automatically decreased with gradeo The average percentage of 
longissimus dorsi was almost identical tor Choice and Good 9 while the .. 
St~dard grade showed an increase in average per cent or lo.ngissimus 
dorsi of approximately 37% over the other two grades o 
Values Obtained by .Vse of the Warner-Bratzler Shear on Samples 
From UoSo Choice 9 UoSo Good and U.So Standard Grades of Beef 
ao Results 
Three one-inch cores were removed from a two=inch steak from each 
animal used in the studyo On each of the three cores 9 dorsal 9 medial 
and lateralB two readings were obtained in terms of pounds of force 
necessary to shear the samples by use of the Warner=Bratzler shearo 
These values were recorded to the nearest one=fourth of a poundo The 
average of the six readings was used as the value for each ani.malo 
Tables VIII 9 IX and X present the data obtained by grade o 
b o Disirnssion 
Both the most tender carcass 9 as determined by the Warner=Bratzler 
shear 9 and the least tender carcass were in the Standard gradeo The 
most tender was Standard #5 9 whi@h had an average reading of 13042 poun.ds 9 
and the least tender was the Standard #2 with a reading of 2306? poundso 
The Standard grade, tb.eref'ore 9 had a spread of l0o3 pounds and an over= 
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all average of 18097 pounds for the five samples studiedo The Good grade 
samples ranged from 16004 pounds to 21050 with a spread of 5o5 pounds and 
an over-all average for the Good grade of 180770 The Choice grade ranged 
from 13088 to 19.17 pounds 9 with a spread of 5o3 pounds and an over-all 
average for the grade of 16.79. 
TABLE VIII 
Shear Values in Pounds for Samples from Five Choice Carcasses 
Carcass 
Number Dorsal Core Medial Core Lateral Core Total Aveo 
1 2 1 2 l 2 
1 13.75 13.75 14.25 18075 18025 21.00 99075 16.63 
2 11.50 13075 12050 14000 15025 16025 83025 13088 
3 17000 17.75 15.00 19000 2L75 20025 110.75 18.46 
4 15.00 15.?5 14.50 l?.00 14.50 18.25 95.00 15.83 
5 17.50 22.25 18.50 23.00 16.00 17.75 115.00 19.17 
Over-all Average 16.79 
TABLE IX 
Shear Values in Pounds for Samples frolll.Ftve Good.Carcasses 
Carcass 
Number Dorsal Core Medial Core Lateral Core Total Aveo 
,l 2 1 2 l 2 
1 14.00 17025 13.75 19.25 l5o00 17.00 96025 16004 
2 16075 17050 24025 26.25 21.50 22075 129000 21050 
3 15.50 16025 28075 23.50 19.50 23.25 120.75 20.13 
4 16.00 16.50 23.00 15.50 16.00 12075 99.75 16.63 
5 15.50 17.25 18.00 25.25 22.00 19.25 117.25 19.54 
over-all .Average 18.77 
?O 
TABLE X 
Shear Values in Pounds for Samples from Five Standard Carcasses 
Carcass 
Number Dorsal Core Medial Core Lateral Core Total .Aveo 
l 2 1 2 1 2 
1 20.?5 16000 l9o?5 24o'75 20000 22.00 123025 20054 
2 18.00 20000 18050 28.'75 23050 33025 142000 2306? 
3 14.25 19025 14000 16.?5 16.?5 16.25 9'7.25 16021 
4 17o'75 22.75 19.00 24025 19.25 23.00 126000 21.00 
5 14.00 15.00 14.00 13050 1L'75 12.25 80050 13042 
Over-all Average 18.97 
The Standard grade had approximately twice the spread between car-
casses as was found in either the Good or Choice beef. There was only a 
.2 pound difference between Standard and Good grade averages 9 whereas 
there was an over-all spread of approximately two pounds between the 
Choice average and the averages for the other two grades. This may in-
dicate that while the Standard grade does include carcasses that are as 
tender or more tender than the grades above it 9 the chances of repeatedly 
selecting more tender samples would be higher in the Choice grade. 
The analysis of variance shown in Table XI was performed to deter-
mine where the differences in tenderness were most prevalent, The core 
X animals in grade (pooled) mean square was used to test the core X grade 
mean square and core mean square. The mean square for animals in grade 
(pooled) was used to test grade mean square. 
The differences between the duplicate readings on the same core 
accounted for only a small part of the total variation in tenderness 
ratingso The differences between cores were significant at the one per 
?l 
0ent levelo When the mean square for animals within grade was used to 
test grade differences 9 non=significance was obtainedo Variation within 
grade thus accounted for more of the difference in tenderness ratings 
than did the differences between grades o This is supported by the actual 
averages for the three grades and the spread in ranges within the gradeso 
TABLE XI 
Analysis of Variance for Differences in Tenderness of Fifteen Carcasses 
From UoSo Choice 9 UoSo Good and UoSo Standard Grades 
Source D/F ss MS F 
Total 89 19439031 
Grade 2 860?1 
Animals in Grade 
(Pooled)l 12 64101? 
Cores 2 110087 5f5o43 
Core X Grade 4 540?'8 l3o?O L55 
Oor@ X Animals in 
Grade (Pooled)2 24 2llo96 
Duplications 45 333084 
~he mean square for animals in grade {pooled) was used to test 
grade mean squareo 
2oore X animals in grade (pooled) is used as the error term to test 
core X grade~ cores and animals in grade (pooled) o 
Careful technique in preparing the samples for the Warner=Bratzler 
shear eliminates much of the variation between the duplicate readings on 
any one coreo The variations among three cores from one steak consti= 
j 
tuted the largest single source of variation for all samples used 
for shear valueso The results of the Warner=Bratzler shear test indi= 
cate that there is a greater range in tenderness within a grade 
than between grades when only Choice 9 Good and Standard grades are con-
sideredo 
IIL Taste Panel Data 
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The rating-s of six untrained panel members. were used to determine 
whether the panel c~Uld detect differences in' desirability I flavor and 
tenderness between samples from fifteen beet carcasses of' UoSo Choice 9 
UoSo Good and UoSo Standard gradeso The panel made three sets of com= 
parisons at each sitting 9 rating desirability, flavor and tendernesso 
Appendices A, B, and C give the total ratings for ea@h. of the comparisons 
tor the six judges at fifteen sittings. 
ao Desirability 
Table XII presents the desirability rating totals for the fifteen 
trials for each judge and the order of preference for the three grades o 
The results of each judge were analyzed separately to determine if each 
individual could detect differences in eating desirability among the 
three grades o The results of this analysis appear in Table XIIIo The 
ratings on an individual basis were pooled to obtain a rating for the 
entire panel. This also appears in Table XIII o 
The order of preference shows that of the six judges 1 Judge I scored 
all three grades exaotly the same (Table XII)o The probability that he 
could detect any difference in the over=all eating desirability between~ 
the three grades of beef 0 Choi~e 0 Good and Standard was OoO (Table XIII)o 
This meant that he oould have obtained the same values tor his score 
(45 9 45 9 45) had he based his preference between two samples on chance 
raloneo The ratings of Judge VI had a probability of o9'7 0 and for all 
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TABLE XII 
Total Desirability Ratings for Six Judges for Fifteen Trials 
Grade 
· Judge Choice Good Standard Order of Preference 
I 45 45 45 No Preference 
II 43 39 53 Good, Choice, 'standard 
III 47 44 44 Good 1 Standard 2.. Choice 
IV 46 42 4? Good 9 Choice, Standard 
V 38 42 55 Choice, Good, Standard 
VI 46 43 46 Good, Standard 1 Choice 
Total 265 255 290 Good, Choice, Standard 
TABLE XIII 
Chi Square and Probabilities for the Judges as Individuals and for the 
Pooled Panel in Detecting Differences in Desirability Among the Grades 
.Tudge D/F Ohi Square Probability 
I 2 oOO 1.0 
II 2 9o83 0009** 
III 2 054 0 77 
IV 2 lol'7 0 57 
V 2 15039 •COOl ** 
VI 2 oO'? 0965 
Panel 12 27 .4'7 .008** 
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practical purposes he was no more able to detect differences between the 
' 
three grades than was Judge Io 
Of the tour remaining pa~el members 9 two were able to detect differ-
ences in desirability which were significant at the one per cent levelo 
Judge II had a probability rating of 0009 which means that only nine times 
out of one thousand would he obtain by chance values with a spread as 
wide or wider than 39 ,43 9 53 0 This is an indication that this judge could 
detect differences in over-all eat ing desirability among these three 
grades o His order of preference was Good 9 Choice and Standard o 
Judge V, who had a probability rating of less than 0001 , was the 
most discerning judge on the panel o He would have obtained by chance a 
spread in ratings as wide or wider than 38,42,55 less than one in one 
thousand timeso His order of preference was Choice 9 Good 9 Standardo 
Judges III and IV had probabi lit y ratings of 077 and 057 respectivelyo 
Judge III rated Good and Standard the same 9 and preferred these grades to 
Choice o Judge IV preferred Good , Choice and Standard 9 in that ordero 
A probability level of 0008 was obtained when the re.tings were 
pooled to establish a panel rating o This indicated that the panel as a 
whole was ·abJ.• t o ... ,d·a,t.eot differences i n eating desi rability aniong 
the three grades of beef o The order ot preference for the panel was 
Good (255), Choice (265), Standard (290) (Tabl e XII) o The panel was more 
successful in detecting differences in desirab i lity between Standard and 
t he other two grades than between the Choice and Good grades o As a unit 
the panel preferred the Good to the Choice grade . Even between the two 
individual el members who were able to detect successfully differences 
between grades there was not complete agreement as to order of preference o 
This indicates that untrained individuals have varyi ng levels of sensitiv-
75 
ity to dif':t'erences in the eating characteristics of these three grades 
of beef. There seems to be considerable variation in the order of pre-
ference; especially between the Good and Choice grades, even when differ-
ences can be detected. 
b. Flavor 
Table XIV presents the flavor rating totals and order of preference 
of the six judges during fifteen trials. The analysis follow.ad the same 
procedure utilized in the desirability ratings. Again, the oata for each 
J11~g~{:'l'ft';1;\e.;,f.~ti$.l:y;zed ··.on ·.ail individual basis and then the ratings for all 
judges were pooled to obtain the panel rating (Table XV) • 
. The order of preference for flavor was the same as the order of pre= 
ference for desirability with the exception of Judge I who had no prefer-
ence for desirability (Tables XII and XIV). Judge I was the only indi-
vidual whose levels of probability for flavor and desirability showed any 
great variation. His probability level of .46 for flavor signified that 
about half the time he would have obtained values as different or more 
different than 42,45p48 solely by .chance. 
Judges II and V again demonstrated a distinct ability to detect 
differences in flavor among the three grades. Judge Vin particular ex-
hibited an extreme sensitivity to differences in flavoro Judges IIIP IV 
and VI exhibited little ability to detect differences in flavor among the 
three grades. There was no agreement as to the order of preference among 
the judges who lacked the ability to distinguish flavor differences. 
These data indicate that eating preference, especially between Good and 
Choice grades is not clearly defined, since the two judges who were suc-
cessful in ·detecting flavor differences were not in complete agreement 
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TABLE XIV 
Total Flavor Ratings for Six Judges During Fifteen Trials 
Grade 
Judge Choice Good Standard Order of Preference 
I 48 45 42 Standard, Good 9 Choice 
II 43 40 52 Good, Choice, Standard 
III 48 44 43 Standard 9 Good, Choice 
IV 45 43 47 Good, Choice 9 Standard 
V 38 42 55 Choice 9 Good, Standard 
VI 46 43 46 Good, Ohoice 11 Standard 
Total 268 258 285 Good 9 Choice, Standa.rd 
TABLE XV 
Chi Square and Probabilities for the Judges as Individuals and for the 
Pooled Panel in Detecting Differences in Flavor Among the Three Grades 
Judge. D/F Chi Square Probability 
I 2 L62 046 
II 2 7o23 003* 
III 2 L25 054 
IV 2 o'72 o?O 
V 2 17063 < .001** 
VI 2 007 0 9'7 
Panel . 12 280-97 .005** 
as to order of preferenceo An individual may not necessarily prefer the 
higher grade even when he can detect a flavor difference. 
The pooled ratings for the panel exhibited a definite sensitivity to 
flavor differences as shown by the probability of 0005 (Table XV). The 
order of preference for the panel was Good (258) 9 Choice (268) and 
Standard (285) (Table XIV) o These figures correspond closely with the 
panel totals for desirability ratings which could indicate the members 
of this panel were basing their desirability ratings more on flavor than 
on tenderness o 
co Tenderness 
Table XVI presents the total ratings for tenderness and the order 
of preference for the six judges during fifteen trials. Table XVII gives 
the chi square values and the probability levels for each individual 
judge. A pooled chi square and probability level for the panel is also 
presented. 
The judges were unable either as individuals or as a panel to suc-
cessfully detect differences in tenderness among the three gradeso The 
ratings of the judges seem to agree with the findings of the Warner-
Bratzler sh.ear test in that the greatest differences in tenderness were 
within grad.es . rather than between grades o The smaller the differences 
in tenderness, the less likelihood there was that the judges could µe~ 
tect these differences. 
'I'he lack of detectable differences in tenderness among the grades 
did not lessen the discrimination of the judges in regard to desirability. 
The panel detected differences in over-all eating cil.es1rab1li ty which were 
significant at the one per cent level, even though differences in 
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TABLE XVI 
Total Tenderness Ratings for Six Judges During Fifteen Trials 
Grade 
Judge Choice Good Standard Order of Prefere~ce 
I 43 47 45 Choice, Standard, Good 
·II 45 44 46 Good, Choice, Standard 
III 45 45 45 No Preference 
IV 46 44 45 Good, Standard, Choice 
V 43 45 4? Choice 9 Good, Standard 
VI 49 42 44 Good, Standard, Choice 
Total 271 26'7 272 Good, Choice, Standard 
TABLE XVII 
Chi Square and Probabilities for the Judges as Individuals and for the 
Pooled Panel in Detecting Differences in Tenderness Among the Grades 
Judge D/F Chi Square Probability 
I 2 072 .70 
II 2 018 .91 
III 2 .00 LOO 
IV 2 .18 .91 
V 2 .72 .70 
VI 2 2.41 .30 
Panel 12 4.22 .96 
tenderness among the grades could not be discerned. As long as flavor 
differences could be detected, then over-all desirability ratings were 
shown in the same order of' preference. 
79 
SUMMARY AND CONOLU'3IONS 
Six graduate students in animal husbandry comprised a taste panel 
to evaluate differences in eating desirability, flavor and tenderness 
among three grades of beef: UoS. Choice, UoS. Good and UoS. Standard. 
As individuals, two of the six judges were able to detect significant 
desirability and flavor differences among the three grades. None of the 
individual judges were able to detect differences in tenderness at the 
ten per cent level of probability. 
The panel as a whole was found to be very successful in detecting 
desirability and flavor differenceso For both of these attributes the 
ability of the panel to detect differences was significant at the one per 
cent levela The order of preference for the panel was Good 9 Choice and 
Standard, for both desirability and flavor. The order of preference was 
the same for tenderness 9 but the differences among grades were not signif-
icant. 
It appears that different individuals have varying levels of sensi= 
tivity to flavor and eating desirability. Even when individual panel 
members were successful in recognizing differences between the three 
grades there was still not complete agreement as to which grade was the 
most desirable. The panel members were in general agreement that the 
Standard was the least desired of the three grades. There was more, dis'."'" 
agreement between the Choice and Good grades as to which was preferredo 
The panel rated the Good grade as being more desirable and flavorful than 
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Choiee. 
The panel was unable to detect any differences in tenderness ~.lll.O~i 
: ·1·:·:::; 
the three grades. This is explained in part by the Warner-Bratzler shear 
values obtained for the carcasses used, which indicated that dif':t'erenoes 
in tenderness were as large within a grade as they were between gradesa 
The largest variation in tenderness was in the Standard grade. 
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APPENDIX A 
Ratings. by Taate Panel )4embers for Over-All Qesirab.Uity of .Be~f Samples. From Grades 
· U.$. Choice, U.;8. Good, '(f.$. Standard 
.l11sil;! • I . Judge II J udgi:t.. llI .. ·. Jud&@ rv ju.d1te V · J\idg.e VI 
-Date Set No. . ·. ··c; Stl;;< : s, G"'.:'-'-:G :s .c:e·&.:.··s. ... c ... (f -··1· . c G .§ '.cJt I 
June. 26 l 4 2 3 3 2 4 __ 4 3 2 4 3 2 2 3 4 ._·4· 2: .3. 
' ., 
Jµne 27 l 2 4 3. 2 3 4 3 3 .. 3 3 ,3 3 3 2 4 4 2. :3 
July l L 3_ 2 4 3_ 2 .4. 4 3_ 2. 3 __ 3 3 2 3 . 4 4 2 3 
Jufy 2 2 3 4 __ a__ 3_ 2 4 3 3. _ 3. 2 3 . 4 2 3 4 4 3 .. ,2 
July 8 ,2 
:,• 
4 3 a. 3_ 2 _ 4 __ -· 3 .... 3 3 3 3. 3 2 3 4 3 3 3 
J11J.Y..9 2 2 4 3_ - 3 - 3- 3. ·3>3 ·-3_ 3 .• .a: 4. - 2 3_4 2 4 3 
Ju.ly ___ l.O 3 2. 3 4_ __ 4. 2 3 3 3 ,3 2. 3. 4_ 3 3 3 4 2 3 
July 1.1 3 4 3 2._ 3 3 3 .. 3 2. 4 ... 3 .. 3 _ :3. 2 3 4 3 3 3 
Ju.ly. 12 3. 3 4. ___ 2 .. 3 3 3_ 4 .3 2 4 3 2 2 3 4 2 3 4 
July 15_ 4, 2. 3 4. 3 3_ 3 2 3 4 3 2 4 3 3 3 2 3 4 
July 16. 4_ 2. 3. 4 2 3 ... 4_ 2 3 4 3 3 3 2 3 4 3 3; 3. 
July 17 4 3 2 4 4 3 2 ::s 2 4. 2 3 4 3 2 ,i 2 4 3 
July 18 5 4 3 2 3 2 4 4 3 2 4 3 2_ 3 2 4 4 3 ,2 
.ru'.1;v 1°9 5_ 4 2. 3 2. 3 4 3 3 3 4 2 3 4 2 3 2 ~-· 4c 
Ol 
Jul:iz: 23 5 3 3 3 2 3 4 3_ 4 .... 2 3_ 3 3 3. _4 2 3 3 3 ~ 
•Code: C :a: U.S. Choice; G:.: U.S. Good; S s_ U.S. Standard, For e.xplanation of ratings see page 60. 
4PPE.NDIX B 
Re.tings. by Taste Panel Me.mb.ers for Flavor of Beef Samples .From Grades UoS •. Ch.aloe, U.S. Good, .U.S. Stand~rd 
Judge I . .Jwke .II .. J.wige ,.II I Judge.IV Judge V Judge VI 
Date Set No. C G s• C G s C G s C G s C G. S C G s 
June. 26 · 1. 4 .. 2 3. ,3 2 4 4 3_ . 2 4 3 2 2 3 4 4· 2 3 
June 27 L 2 4 3. 2 3 4. 3. 3 3 3 3 3 3 2 4 4 2 .3 
July 1 L 2 3 4 3. 2 4 4 3 .. 2. 3 3 3 2 3 4 4 
~-
3 
July 2 2 4 3. 2 3 .. 2 4 3 3 3 ... 2 3 4 2 3 4 4 3 2 
July a. 2 4 3 2 3_ 2 4 3 3. 3 3 3 3 2 3 4 3 3 3 
July 9 2 2 4 3 3 3 ... 3 3. 3. 3 3. 2 4 2 3. 4 2 4 3 
July 10 3 3. 3. 3 ... 4. 2.. 3 3 3 3. 2 3. 4 3 3 3 4 2 3 
July 1.1 3 4._ 3 2 3 ... 3. 3 3 .. 2 4 4 3. 2. 2_ 3 4 3 3 3 
July 12 3 2 4 3. 3. 3. 3. 4. ... 3 ... 2 3 .. 4 .2 2 3 .. 4 2 3 4 
July. lS 4 3 .. 3 3 3. 3 3 2 3. 4. 3. 2. 4 3 3 ... 3 2 3 4 
July lJL 4 3: 4 2_ 2 3 4. 2 3 ... 4 3 3 3 2 3 4 3 3 3 
July 17 4 4.. 2 3 4 3 2 3 2. 4 2 3 4 3 
-~ 
4 2 4 3 
July .. 18 .. 5· 4. 3 2 3 3 3 4. 3 .. 2 4 3 2 3 2 4 4 3 2 
;ru.1.y 19. 5 .. 3 2 4 2 3,. 4. 4. 3. 2. 3 2 4 4 2 3 2 3 4 
July 23 .. 5 4 2 3 2 3 4 3 4 .2 3 3 3 3 4 2 •z... 3 3 
.. O> 
*Code:· C = U.S. Choioe; __ .· G .. U.S. Goodi S .. U.S. Standard. For explanation of re.tings see page 60. en 
APPENDIX C 
Re.tings by 'l'_aste fanel Members for Tenderness of Beef Samples F_rom Grades 
U.S. f)ho ioe, U.S. Goo.d" U. $. Standard 
Jud,ge I J11d.e:e I I Judge. III Judge_ IV Judge V Judge VI 
Date Set No. c ·o s• C G s C G s C G s C G s -C G s 
June 26 l - 4 2_ 3 3. 3 3: 4_ 3_ 2 4 3 2 3 3 3. 4 3 ~ 
June 27 L 2._ 4_ 3 __ 2 4 3 3 2 4_ 3 3 3_ 3 __ 2 _ 4 3 4 2 
July 1. L 3 3 3 2 4 3_ 4 3 a 3 3 3 3 3_ 3 4 2 3 
July 2_ 2 2 4 .. -- 3 2 4 __ 3 2 4 3 2 4 3 2 3 4 4 2 3 
Ju,ly EL 2 4. 2 3 3 2 4 3 4.2 2 4 3 3 4 2 4 3 2 
.TuLy 9 2- 2 __ 4. 3._ 3. 2 4_ 2 3 4. 3 3 3 2 3 4 2 3 4 
July 10. ___ 3_ 2 3. 4 __ 4 .. 3 .. 2 2 3. _ 4- 2 3 4 3. ,3 3 4 3 2. 
July. !L -- _3 _____ - 4 3 __ 2 4 3 2_ 3 2. 4 --- 3. 3 3 3. 4_ 2 3 3 3 
July 12 :i_ - 3 4 2 3 3 3. 4 3 2 4 3 2. 3 2 4 2 
-~, 
4 
July 15'. 4 2 3 4 3 2 4 2 4 3 3 -~ - .4 3 3 3 ,_3 2 4 
July 16 4 2 3 4 2 3 4 2 3 4 3 3 3 2 3 4 3 .. -3 3 
July 17 4 2 3 4 4 3 2 3 2 4 3 2 4 2 3 4 3 2 4 
Ju,ly 18 5 4 3 ___ 2 4 2 3 4 3 2 4 3 2 4 2 3 4 3 2 
July 19 5 4 3 2 4 3 .. 2 3 3 3_ 4 2 3 4 3 2 3 .3 3 
July 23 5 3 _3_ 3 ____ 2 3 _ .4 4 3. _ 2 3 3 3 3 4. 2 3 3 3 ()) 
_CJ) 
*Ce>de 8 C =- U .s. Choice i G "' i,:. S. Go.od;_ S .. U.S .. Standard. ;or _ expl anat i.on of rat i.ngs see page _60. 
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